Objective This study examined the policies, procedures, environment and equipment used for the cleaning of dental instruments in general dental practice. Materials and methods A total of 179 surgeries were surveyed. This was an observational based study in which the cleaning processes were viewed directly by a trained surveyor. Information relating to surgery policies and equipment was also collected by interview and viewing of records. Data were recorded onto a standardised data collection form prepared for automated reading. Results The BDA advice sheet A12 was available in 79% of surgeries visited. The most common method for cleaning dental instruments was manual washing, with or without the use of an ultrasonic bath. Automated washer disinfectors were not used by any surgery visited. The manual wash process was poorly controlled, with 41% of practices using no cleaning agent other than water. Only 2% of surgeries used a detergent formulated for manual washing of instruments. When using ultrasonic baths, the interval that elapsed between changes of the ultrasonic bath cleaning solution ranged from two to 504 hours (median nine hours). Fifty-eight percent of surgeries claimed to have a dedicated area for instrument cleaning, of which 80% were within the patient treatment area. However, in 69% of surgeries the clean and dirty areas were not clearly defi ned. Virtually all cleaning of dental instruments was undertaken by dental nurses. Training for this was provided mainly by demonstration and observed practice of a colleague. There was little documentation associated with training. Whilst most staff wore gloves when undertaking manual cleaning, 51% of staff did not use eye protection, 57% did not use a mask and 7% used waterproof overalls. Conclusions In many dental practices, the cleaning of re-usable dental instruments is undertaken using poorly controlled processes and procedures, which increase the risk of cross infection. Clear and unambiguous advice must be provided to the dental team, especially dental nurses, on appropriate equipment, chemicals and environment for cleaning dental instruments. This should be facilitated by appropriate training programmes and the implementation of quality assurance procedures at each stage of the cleaning process.
INTRODUCTION
The decontamination of re-usable medical devices is a key element of infection control in clinical settings. The importance of cleaning such devices as a means of preventing cross infection has been reported in relation to diverse items of equipment in many areas of clinical practice. These have included ophthalmology, 1 gastroenterology, 2 vascular surgery, 3 tourniquets 4 and dental surgery. [5] [6] [7] [8] [9] More recently, the emergence of transmissible spongiform encephalopathies (TSEs), such as variant Creutzfeldt-Jakob disease (vCJD), has re-emphasised the importance of thorough cleaning of used devices prior to steam sterilisation 10, 11 since the abnormal form of prion protein, which is responsible for these diseases, is less susceptible to denaturation by heat. Thus, effi cient cleaning of instruments is believed to be a key procedure for reducing the potential risks of onward transmission of vCJD. [10] [11] [12] Effective cleaning is also vital to ensure microbial inactivation since retention of organic or inorganic debris may compromise subsequent disinfection or sterilization processes. [13] [14] [15] [16] The cleaning of re-usable dental instruments is also important to ensure device longevity and functionality, removal of chemical residues and compliance with medicolegal directives. [17] [18] [19] One mechanism for improving the quality of instrument decontamination is to centralise re-processing in
• Effective cleaning is an essential pre-requisite for reliable sterilisation of dental instruments.
• This study reports on the observation of techniques used for cleaning instruments prior to sterilisation in dental practice.
• Direct observation of the cleaning processes provides reliable information on how this is undertaken in general dental practice.
• There are a number of working practices that can improve the cleaning of dental instruments and reduce the risks of cross-infection.
I N B R I E F
well-equipped sterile services departments, which are operated by highly trained staff, using validated equipment, in an accredited quality management system. In the UK, this approach has been applied in the acute hospital sector. The problem with this centralised model in dentistry is that the high volume of instruments used by dental surgeons provides a signifi cant logistical challenge. It is therefore likely that instrument decontamination in general dental practice will continue to be undertaken at a local level. It is important that all processes involved in decontamination are undertaken to a high standard, but unfortunately there has been little evidence to indicate the robustness of these procedures in dental practice, as highlighted in a systematic review. 20 In order to address this problem, a large observational study of decontamination procedures in general dentistry in Scotland was devised and has recently been completed. This paper reports the data generated by the study in relation to procedures used by dentists for pre-cleaning of instruments prior to the sterilisation phase.
MATERIALS AND METHODS

Survey methodology
This has previously been reported in detail. 21 In brief, the study population comprised all general dental practitioners in Scotland with a National Health Service (NHS) list number (n = 837). This list was the basis for randomly selecting practitioners to survey. A total of 184 surgeries were surveyed, with usable data obtained from 179 surgeries.
Data collection
Each surgery was surveyed by a team of two, an infection control/decontamination expert and an experienced dental practitioner. The survey team interviewed the dental practitioner and dental nurse, reviewed documentation relevant to the survey and recorded the physical layout of the premises. The decontamination processes, including instrument cleaning procedures, undertaken by the surgery nurse were viewed directly by a member of the survey team. All relevant data were recorded onto data collection forms prepared for automated reading. 21 The survey visits ran from January 2003 until the end of March 2004.
Technical requirements and guidance
The data collection forms of the survey were based on a number of technical requirements and guidelines, such as SHTM 2030 22 /HTM 2030, 23 BDA A12 24 and the Glennie Framework, 25 with those elements relevant to the cleaning processes briefl y summarised in Tables 1-4 . In addition, data were collected to examine compliance with a number of legal requirements to ensure appropriate facilities and management processes were in place in surgeries. These include the Consumer Protection Act, 18 
RESULTS
Personnel involved in instrument cleaning
Virtually all cleaning of re-usable instruments was undertaken by dental nurses. In addition, on occasions instrument reprocessing was undertaken by dentists (42%), dental hygienists (37%), ancillary staff (2%) and receptionists (1%). Only in a minority of surgeries (7%) was there one or more members of staff whose sole or principal duties were concerned with the reprocessing of re-usable instruments and in this small number of surgeries these staff were generally dental nurses.
Staff health and safety
In relation to staff safety, the majority of those undertaking the manual washing wore gloves (99%). However, 51% of staff did not use eye protection, 57% did not use a protective face mask and 93% did not use waterproof overalls.
Staff training
Staff training for instrument cleaning was provided mainly by demonstration and observed practice of a working colleague. Only 10% of surgeries had documented evidence of staff training.
Location used for undertaking cleaning
In 38% of surgeries, the area for decontamination was physically separated from other work areas. Fifty-eight percent of surgeries had an associated dedicated area for the cleaning of used dental instruments and, of these, 80% were within the surgery itself ie in the treatment area. However, in 69% of surgeries the clean and dirty areas were not clearly defi ned. For the 42% of surgeries that did not have a dedicated area for cleaning dental instruments, a wide variety of activities were undertaken in the same area as cleaning, for example food and beverage preparation, general work surface, preparation of restorative materials and mixing of impression material.
In the areas where cleaning was undertaken, the majority (85%) were essentially easy to clean and had smooth, washable non-slip fl oors, although most surgeries (76%) did not have coved junctions between the walls and fl oors to facilitate cleaning of the fl oors.
For ventilation of the area in which cleaning was carried out, 20% of the areas were mechanically ventilated, with only 4% providing extract ventilation over the manual wash sink to minimise aerosol dispersion.
The majority of dirty instruments were passed by hand on a tray to the area for cleaning. In 57% of cleaning locations there was an obvious fl ow of work from clean to dirty to sterile without cross-over and in 59% the fl ow of work minimised the risk of re-contamination between clean and dirty instruments.
The majority of surgeries (70%) did not reprocess instruments as individual sets and 78% did not use the same instrument tray with the same set of instruments. Instrument trays were cleaned on all occasions by 68% of surgeries, only when visibly soiled by 23% and never cleaned by 3%. Table 5 summarises the methods used by the surgeries to clean their re-usable instruments. Most surgeries used a combination of manual washing and ultrasonic cleaning, although not all instruments within a surgery were re-processed this way. For example, some devices, such as handpieces, are not recommended by the manufacturer to be cleaned in an ultrasonic bath.
Methods of instrument cleaning
Table 1 Management of infection control in relation to cleaning of instruments
Topic
Parameter(s) Key indicators of good practice
Management of infection control
Provide details of infection control policies, staff communication and staff training in cleaning of instruments prior to sterilisation *All members of the dental team must know who is responsible for ensuring certain activities are carried out and to whom to report any accidents or incidents. The individual practitioner must ensure that all members of the dental team understand and practice these procedures routinely. **Senior member of staff with responsibility for decontamination processes and capable of assessing and treating risks associated with ineffective decontamination processes. *Each practice must have a written infection control policy.
Staff and health & safety
Collect data relating to the measures taken to protect the health and safety of staff undertaking decontamination and the training received by staff in respect of cleaning instruments *All new staff must be appropriately trained in infection control procedures. Training should equip staff to understand how infections are transmitted, the practice policy on decontamination and infection control, what personal protection is required and when to use it, what to do in the event of accidents or personal injury. *It is useful for each member of staff to receive a copy of the infection control policy and to sign a declaration that the policy has been received and the training provided. **All personnel carrying out decontamination processes have documented training needs assessment and record of training received. 
Manual cleaning
Gathers information on the extent to which manual cleaning is employed and how manual cleaning is carried out *Instruments should be fully immersed in a sink pre-fi lled with warm water and detergent. **Manual cleaning would normally be undertaken either by employing immersion or non-immersion techniques depending on the construction of the device.
Ultrasonic cleaner
Gathers information concerning ultrasonic cleaners *Ultrasonic cleaners should contain a detergent not a disinfectant. *The liquid in the ultrasonic cleaner should be disposed of at the end of each clinical session and more often if it appears heavily contaminated. *At the end of each day, the ultrasonic cleaner must be emptied. **There must be a procedure to ensure change of water at not more than four-hourly intervals. **Ultrasonic cleaners must be tested on installation, and weekly, using the aluminium foil erosion test to ensure continued ultrasonic activity. 
Manual washing
Virtually all (96%) of the surgeries used manual washing as either the sole method or as part of the cleaning process. Fortythree percent of the surgeries had a designated sink which was used only for instrument cleaning, but the remainder also used the sink for hand washing (84%), beverage preparation (16%) or environmental cleaning (34%). The manual washing process was generally poorly controlled, with 41% of practices using no cleaning agent other than water. A range of cleaning agents was used (Fig. 1) but there was no standardisation of concentration or of the temperature of water used for cleaning. Only 2% of surgeries used a detergent formulated for manual washing of surgical instruments, with 37% using surgical hand wash. Other miscellaneous agents used for cleaning included bars of soap, disinfectants and kitchen cleaning agents.
Of the surgeries in which instruments were manually washed, the range of brush types used to clean instruments included those with synthetic bristles (70%), wire bristles (46%), natural bristles (9%) or pipe cleaners (8%). Many surgeries used more than one type of brush. Other implements used to clean instruments were metal pot scourers (4%) and nylon pot scourers (3%). For cleaning of lumened devices, such as aspirator tips, 64% of surgeries used manual cleaning using brushes on a wire stem (89%) or a pipe cleaner.
Only 14% performed manual cleaning with the instruments entirely immersed to prevent aerosol generation, whilst 60% carried out manual washing entirely under running water. Rinsing of washed instruments was undertaken in 84% of surgeries. Only 1% of surgeries used a separate sink for rinsing and a further 2% rinsed in a bowl. In most cases, water from a holding tank or from the mains supply was used for rinsing. One percent of surgeries rinsed instruments with softened water and less than 1% rinsed instruments with sterile water for irrigation. Eighty-fi ve percent of the surgeries never dried instruments after manual cleaning.
Ultrasonic cleaning of instruments
Ultrasonic baths were present in 92% of surgeries. The age of the ultrasonic baths ranged from <1 to 14 years (median of three years old). Most (96%) of the ultrasonic cleaners had removable lids and the majority of surgeries (92%) operated the equipment with the lid in the closed position. Eighteen percent of surgeries had ultrasonic cleaners that incorporated a chamber drain.
The range of cleaning agents used in the ultrasonic baths is shown in Figure 2 . The interval that elapsed between changes of the solution in the ultrasonic bath ranged from two to 504 hours (median nine hours) and 63% emptied the ultrasonic bath at the end of the working day. Eighty percent of surgeries did not change the ultrasonic cleaning fl uid at four hourly intervals or more frequently. In 11% of surgeries the interval was fi ve days or more. However, 83% of surgeries changed the ultrasonic bath solution when visibly soiled. After ultrasonic cleaning, 86% of surgeries rinsed their instruments with water, usually under running tap water.
Most (96%) of the surgeries did not check the effi cacy of the ultrasonic generator by means of the aluminium foil ablation test 22, 23 (HTM/SHTM 2030). One surgery undertook periodic tests of the cleaning effi cacy of the ultrasonic bath. 22, 23 For 9% of surgeries there was a defi ned loading pattern for the ultrasonic cleaner and in 8% there was a defi ned maximum load.
Instrument inspection
Eighty-fi ve percent of surgeries routinely inspected all instruments for cleanliness after the cleaning process. However, only 1% of surgeries had a magnifi er available for inspection of small or intricate devices and 3% had task lighting available for cleanliness inspections. The person performing the cleanliness inspection was invariably the same person who performed the cleaning. For 98% of surgeries the inspection for cleanliness occurred immediately after cleaning.
In 46% of surgeries complex instruments were disassembled before inspection. In 52% of surgeries cleaned instruments were checked or tested for functionality prior to use on patients. 
Management, policies and procedures
The BDA Advice Sheet A12, 24 which covers aspects of instrument cleaning, was available in 79% of the surgeries visited. The remainder had no written infection control policy.
Less than 1% of surgeries kept records of which instruments had been washed and by whom. Ninety-nine percent of surgeries returned dirty items for re-cleaning, in 1% of surgeries cleanliness failures were recorded and in 3% of surgeries cleanliness failures were subject to review and analysis to establish the cause. In 6% percent of surgeries the process of instrument cleaning had been audited, with 90% of these being internal audits and 10% extrinsic audits.
DISCUSSION
The survey described in this paper has attempted to overcome the criticism levelled at many earlier questionnaire-based studies, that the data gathered on adherence to infection control procedures in dentistry were not suffi ciently objective. 20 The results of the present study are based on direct observation, by trained surveyors, of procedures within dental surgeries. They provide a very accurate representation of instrument cleaning processes in a randomly selected cohort of Scottish dental surgeries, which we believe to be representative of those found throughout the UK.
Manual cleaning of instruments remains a feature in most surgeries. However, the methods of implementation reveal a number of areas of concern, both in relation to the effi cacy of cleaning and the risk of infection to staff undertaking the cleaning. More than half of the surgeries did not have a dedicated sink for instrument cleaning and in most cases the rinsing of instruments was undertaken in the same sink as instrument washing. In some cases the sinks used for instrument washing were also used for other purposes, such as beverage preparation and hand washing. Whilst the wearing of protective gloves was virtually universal, other personal protective equipment, such as eye protection, was used much less often. This is a particular concern, since more than 80% of the surgeries did not fully immerse the instruments underwater when cleaning, resulting in considerable opportunity for generation of aerosols.
In relation to staff health and safety this survey identifi ed several shortcomings. To ensure that the cleaning of contaminated dental instruments complies with Health and Safety at Work Regulations and the Control of Substances Hazardous to Health Regulations, 17, 26 cleaning is required to be carried out in a manner that minimises the risk to staff from contamination on used devices and from the process chemicals. This should include identifi cation of processes that produce or involve the use of substances hazardous to health (this includes potentially contaminated biological material). These risks should be contained by environmental controls to prevent dispersion, reduce exposure to sharps and ensure adherence to standard infection control precautions. Provision of personal protective equipment and emergency facilities such as eye wash baths and fi rst aid kits are essential. In order to control and manage the risks of cross-infection, decontamination should be carried out only by trained staff. This is a requirement under the Health and Safety at Work legislation. 17, 26 There should be documented training procedures for all staff who carry out decontamination, accompanied by a record of training undertaken.
The training should include a competency assessment and be subject to periodic review and update. The results of this survey, in which approximately 10% of surgeries had documented evidence of training, suggests that improvements in the training and competency assessments of staff involved in the various stages of instruments decontamination is required.
Most dental practices are located in converted residential properties with limited space. Whilst many surgeries had attempted to create a dedicated area for decontamination, the lack of space severely impacted the effi ciency and functionality of the decontamination area. Apart from other on-going activity in the decontamination area, it was of concern that 69% of surgeries had inadequate separation of clean and dirty areas and work fl ow patterns that could result in confusion between dirty instruments and those that had been cleaned and sterilised. It is also essential 17, 26 that the cleaning is performed in a manner that minimises the risk to third parties (patients), implying segregation of cleaning activities from the patient area. Ideally this should be a physical segregation of decontamination processes, in a dedicated decontamination area/ room separated from the patient treatment area by means of a wall. 24, [27] [28] [29] Alternative, but less satisfactory solutions include provision of ventilation to ensure fl ow of contamination away from patient treatment area or temporal separation of decontamination and clinical activity. 2 Temporal separation may be achieved by performing different activities at different times together with rigorous environmental cleaning between different types of decontamination processing activity. However, this is very diffi cult to achieve in a busy dental practice.
Cleaning should be carried out by a validated process. Of interest was the fi nding that no surgery was utilising an automated washer disinfector. This may be due to the relatively recent introduction of benchtop models and the lack of information in a form readily available to dental practitioners on the installation, use and operation of such equipment. Use of an appropriate washer-disinfector can increase productivity, improve cleaning effi cacy and reduce staff exposure to contaminated sharps. 30 However, care must be taken when purchasing this equipment to ensure compatibility with appropriate regulatory requirements. 29, 31 These machines must also be commissioned on installation and reports authorised by an Authorised Person. In addition the machine will be required to undergo periodic testing and an annual re-validation test. 22, 23, 32 Manual cleaning is a very diffi cult process to control. There are many factors which can affect cleaning effi cacy, including water temperature, cleaning agent chosen and the concentration of that agent. The results of this study highlight the problems of process management and quality control in the manual cleaning of instruments in dental practice. More than 40% of the surgeries used no cleaning agent at all, other than water. The remaining surgeries used a wide range of agents, the most popular of which was surgical handwash, a preparation that is entirely inappropriate for instrument cleaning. Surgical handwash containing chlorhexidine adheres to protein rather than exerting a detergent action. Only a very small proportion (2%) of surgeries used a detergent which was specifi cally formulated for cleaning surgical instruments. In none of the surgeries visited was the concentration of the cleaning agent or the water temperature standardised. If manual cleaning of dental instruments is to continue, then clearly defi ned procedures, which RESEARCH utilise appropriate materials and operating conditions, are essential. The use of wire bristle brushes and pot scourers to clean dental instruments is not recommended as they may lead to surface damage of the instruments which will initiate corrosion and impair subsequent reprocessing and functionality. 33 Other cleaning implements should be single use or subjected to a thorough cleaning after use. The cleaning of lumened devices, for example aspirator tips, is diffi cult due to access for cleaning and inspection; these types of devices can readily and cost-effectively be replaced by single use alternatives.
Ultrasonic baths were widely available in the surgeries visited and were often used in conjunction with manual cleaning. Once again there was a wide range of operating procedures for these. Only 20% of surgeries changed the fl uid in the ultrasonic bath at the end of each clinical session, although signifi cantly more (63%) emptied the ultrasonic bath at the end of each working day. It is recommended that ultrasonic baths should be emptied at least every four hours, or more frequently if heavily soiled. 34 The chemicals used in the ultrasonic baths were usually alkaline, neutral, enzymatic or manufacturer's own brand detergent, each of which is acceptable, provided they concur with instrument manufacturer's instructions. The use of washing up liquid and disinfectants is not recommended since these formulations have not been validated for surgical instruments and in the case of disinfectant solutions their use may result in protein fi xation to instruments. In order to ensure effi cacy of the cleaning process regular testing of the functionality of ultrasonic baths is important. However, it was rare to fi nd periodic testing of the ultrasonic generator or cleaning effi cacy tests being performed. 22, 23 It is diffi cult to quantify the effi cacy of the cleaning process without evidence that the ultrasonic machine is actually working.
All cleaned devices should be inspected for debris after cleaning and prior to sterilisation. Due to the large number of small, intricately designed instruments in dentistry, the use of an illuminated magnifi er is recommended. Previous studies have demonstrated that dental instruments are often contaminated following reprocessing. 5, 6, 8, 9 Whilst the majority of surgeries claimed to inspect their instruments after cleaning, only 1% had a magnifi er available for inspection of instruments.
Overall control of the decontamination process should be managed by a defi ned person within the practice using quality assurance principles. This person should have a demonstrable competence to manage this process in dental practice. Written procedures should defi ne, document and control all the stages of cleaning, should be readily available to personnel undertaking the cleaning and be up to date with guidance. Although many practices had access to the BDA Advice Sheet A12, 24 this document provides little in the way of detailed procedures and quality assurance to help staff undertake effective cleaning of dental instruments.
In conclusion, many of the procedures used for the cleaning of re-usable dental instruments in general dental practice do not conform to extant guidance and increase the risk of transmission of infection. This is of particular concern, since cleaning is a key stage in the sterilisation process and in reducing the risk from onward transmission of vCJD. Where possible, practices should review the many options available to them for the reprocessing of dental instruments. In some circumstances this may involve the use of centralised reprocessing facilities 35 or single use instruments. Other options may involve a compromise with local reprocessing of expensive devices such as dental handpieces and centralised reprocessing of other instruments. If local reprocessing of dental instruments is to continue in general dental practice, clearly much work is needed to help the dental team improve the cleaning process for dental instruments. This should take the form of education and training programmes and the development of a clearer management process using quality assurance principles. The fi ndings of this survey also have profound fi nancial implications for dental practices, not least in the provision of dedicated decontamination areas and automated washer disinfectors. This also represents an opportunity for improvement, especially with the planning of new dental units. However, if the opportunity is to be fully realised, there is a requirement for suffi cient infrastructure to support practitioners in implementation of improvements in local decontamination, 29 for example expert review of new buildings, commissioning and testing of decontamination equipment. Practice-friendly guidance to help practitioners meet the various regulatory requirements for cleaning dental instruments is essential if progress is to be made in this very important area of clinical practice.
